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ABSTRACT: In the framework of the nonlinear waveguide, we investigate propagation of solitons 
with in optical ring resonators. We show how the complicated nonlinear interplay slow light solitons 
in the MRRs to the possibility to create optical buffer. Dynamical control over slow-light solitons is 
realized via a controlling field generated by bright soliton. We provide an analytical description for the 
nonlinear dependence of the velocity of the signal on the controlling field. The buffering effect is 
achieved by slowing the optical signal using an external control light source to vary the dispersion 
characteristic of the medium via optical ring resonators. We present a theoretical and simulation 
investigation of the criteria for achieving slow light in semiconductor microring resonators. The 
output signal shows the rate of delay time by propagation through the semiconductor optical ring 


resonators to used optical buffer. 
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INTRODUCTION 


Slow Light is the control of the velocity of light 
in a medium by light [1-3]. As a fascinating new 
field in physics it has a lot of applications for 
telecommunication and information systems 
such as optical signal processing [4,5], the radio 
frequency-photonics [6], nonlinear optics and 
spectroscopy in time domain [7,8]. 
Furthermore, the Slow- and Fast-Light effect 
can be seen as a key technology for optical delay 
lines, buffers, equalizers and synchronizers in 
packed switched networks [9, 10, 4]. To realize 
the effect there are different methods and 
material systems is possible. Beside these 
especially the nonlinear microring resonator is 
of special interest because it has several 
advantages. This article gives an overview about 
the generate of slow light in optical ring 
resonators based on the nonlinear in optical 
fibers [11,12], Tunable optical buffers (TOB) 
are key components in optical communication. 
To realize the TOB, one needs to control the 
group velocity of light [13]. A controllable 
variable optical memory is one of the most 
critically sought after components in optical 
communications and signal processing. In such 
a buffer, optical data would be kept in optical 
format throughout the storage time without 
being converted into electronic format. The 
buffer must be able to turn on to store and off to 
release optical data at a very rapid rate by an 


external command. This seemingly simple 
function to this date has never been realized, in 
spite of much previous research. An optical 
buffer can activate applications such as optical 
coding, radio frequency (RF) photonics such as 
fuzzy antennas, nonlinear optics by increasing 
the length of the flour interaction, and 
separation measurement. Optical buffer can be 
defined for storage for a time t only with low 
distortion and attenuation. The delay time is 
changeable and externally controllable [14,15]. 
Tunable slow-light is the key enabling 
technology for many technological 
developments, from optical packet switching 
(OPS) to quantum communications passing 
through microwave photonics. Particularly, the 
essential role of slow-light based optical buffers 
in packet contention resolution and 
synchronization in OPS networks will be 
justified. From all the proposed approaches to 
build slow-light optical buffers, photonic crystal 
waveguides and cavities constitute are, to our 
understanding, the most promising solution 
[16-18].The output signal shows the rate of 
delay time by propagation through the 
semiconductor optical ring resonators to used 
optical buffer. 


1. Slow Light and Optical Buffer 
To achieve an optical buffer, in general, one 
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must vary the medium within which the optical 
signal travels by either increasing the path 
length or reducing the signal group velocity [19, 
20]. The former can be accomplished with the 
use of a waveguide delay line, which will be 
discussed below. The latter has _ several 
possibilities. We first observe that the group 
velocity is defined in Equation (1). 
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where ‘a’ is light frequency and c is the velocity 
of light in vacuum. The ‘n’ is the real part of the 
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refractive index of the medium and ‘k’ is the 
propagation constant. Because the range of 
refractive indices is limited, it isn’t possible to 
slow down Vg by changing only the refractive 
index. However, if the rate of change of the 


refractive index = could be controlled, then the 
velocity of light could also be controlled. In 
particular, in the case of =))1, the group 


velocity of light will be reduced and slow light 
will be generated. Figure 1 shows the rate of 
group velocity. Then, the time delay is caused 


by MRR and amountsT, = = 
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Figure 1 The red circles are region of slow light that these are happen near resonance 


The group velocity can be reduced by 
introducing a large and positive waveguide 
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gratings or periodic structure. A strong material 
dispersion causes automatically a big change of 
the group delay [21,22]. If it is positive, the 
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pulse is delayed, and if it is negative, it 
sometimes accelerates even to the speed of 
vacuum super-salinity. In this case, the light is 
controlled via MRR. The schematic of optical 
ring resonator to control signals is shown in 
Fig.2. 
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Figure 2 Schematic of optical ring resonator 
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2. Theoretical and Simulation 


In order to generate slow light pulse, the optical 
bright soliton is fed into the series of microring 
resonators. The input optical field in the form of 
bright soliton pulse can be expressed by 
Equation (2). 


Ein = Asech © exp — iWot] (2) 
0 


Zz 
Lar 
where A is the optical field amplitude and Z is 
the propagation distance, respectively. T = t — 
6, X z, is aoptical pulse propagation time in a 
frame of group velocity. Lg =TZ/|B2| is the 
dispersion length of the _ optical pulse, 
where, andf,are the coefficients of the linear 
and the second order terms of the Taylor’s 
expansion of the propagation constant. To in 
equation is a soliton pulse propagation time at 
the initial input. Where t is the soliton phase 
shift timeand frequency shift of the soliton is 
W . This solution describes a pulse that Keeps its 
temporal width invariance as it propagates, and 
thus is called a temporal soliton. When soliton 
peak intensity (|6,/I'T@|) is given, and then T, 
is known. For the soliton pulse in the microring 
device, a balance should be achieved between 
the dispersion length (Zg) and the nonlinear 
length(Ly, = (1/T'@y_,), wherel’ = nzKo, is the 
length scale over which dispersive or nonlinear 
effects makes the beam becomes wider or 
narrower. For a soliton pulse, there is a balance 
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between dispersion and nonlinear lengths, 
hence Lg = Ly;,[23]. 


When Ein(t) is the incoming light field of an 
input port, the transmitted light field from the 
output port is Eout(t). After the one round-trip 
of the electric field, Ein causes the nonlinearity 
effect to be built up inside the microring due to 
change of the refractive index with optical 
power. Here, the power dependence of 
refractive index is responsible for the Kerr 
effect [24]. Therefore the refractive index can be 
written by Equation (3). 


n= M9 + Mal = Mo + (F\IEin (6) /?(3) 


Where,ny is the linear refractive index and nz is 
the nonlinear refractive index, Jis the optical 
intensity. The effective mode core area of the 
device is given byA,,-,. For the microring and 
nano ring resonators, the effective mode core 
areas range from 0.1 to 0.5 um2. 


Optical outputs from the first ring resonator are 
given by Equations (4). When the optical field 
input into the microring resonators, the 
relationship between the output and input 
optical field and output power can be expressed 
by Equation (5) [25]. 


(ae K4)(1-¥1)-(1-¥1) exp ((—@L4/2)-jKnL1) (4) 


1- (1-Ky)(1-¥1) exp ((-@L4/2)—jKyL1) 
Pout = (Eout)- (Eour)” = Fauel? (5) 


Here x is the coupling coefficient, and K, shows the wave number in a vacuum. y is the fractional 
coupler intensity loss. L is circumference of ring, a and y are the absorption coefficient and intensity 
loss respectively. Exp (aL/2) is a roundtrip loss coefficient. 


Fout1 = Fin 


The two complementary optical circuits of ring-resonator add/drop filters can be given by the 
Equations (15) and (16) [23, 25]. 


a 
2 (1-Kz)—2/T—Kz-/T—Kge 2” cos(knL)+(1-Kg)e~ 


2 
Eth hput| = IE tal : (6) 
| Pine | se 1+(1-K5)(1-K3)e7% 2, [T—Kp-,/T ae =! cose) 


a 
-sL 
K2K3e 2 


Be 7 
1+(1-K)(1-K3)e7% 2, /T—Kp-,/T—Kge 2” cos(KnL) (7) 


2 
Le phoenore = |Eouts le 


the waveguide and the circumference of the ring 
is L = 2nR, here R is the radius of the ring. In 
the following, new parameters will be used for 
simplification: @ = BL is the phase constant. The 


Here Ernroughput 20d Epropport represents the 
optical fields of the throughput and drop ports 
respectively. 6 =knerp is the propagation 
constant, Ner¢ is the effective refractive index of 
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chaotic noise cancellation can be managed by the wave propagation number for in a vacuum, 


using the specific parameters of the add/drop and where the waveguide (ring resonator) loss 
device, which the required signals can be isa =0.2dB/mm. _ The fractional coupler 
retrieved by the specific users. K2and K3 are intensity loss is y = 0.1. 


coupling coefficient of add/drop filters, k, = is 


” I 
g —— Bright Soliton 
g 5 
E 
0 | 
0 10 20 30 40 50 60 70 80 90 100 
~ (a) Time(nm) 
= bal T I 
z an 
3 
& 
6 0 
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 
(b) Roundtrips(n) 
5 0.04 x 10 
5 003+ R, = 50pm. «,=0.9%,=0.5 | 
e 0.02;- 4 
a | | | | | | 
64 64.05 64.1 64.15 64.2 64.25 64.3 64.35 
(c) Time (ns) 
g 4 I 
R= 28um. fk, = 0.2 
ig] 
S 02- 
3 
& 
4 
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 
(d) Roundtrips(n) x10 


a R,=30um. «,=0.9x,=0.5 


75.9 76 76.1 76.2 76.3 76.4 
(e) Time (ns) 


Drop(R4)(W) 
> a co 


J 
mR 


Output(RS5)(W) 
i—J 


0 —02.~—~“‘ :”””:*«COG ry | 120 Md 16 000COtC«SNWD 
(f) Roundtrips(n) 


g R, = 10um. x, 70.9%, =0.9 
= 2. 

£ 

=) 

5 (g) Time(ns) 

¢ 

¢ 

i] 

5 R,= 10um. x, =0.9x,=0.9 
E 95.5 96 96.5 7 97.5 

: (h) Time(ns) 


Figure 3 The concept of optical storage with change index 
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3. RESULTS AND DISCUSSION 


The optical switch is first adjusted to steer the 
train to the optical ring resonators and allow it 
to spin again in the loop (Figure 3). Storage 
capacity and stored data are limited by the time 
required to travel in the MRR. The storage time 
data held in the loop is an integer. In this case 
we use clear soliton as the MRR input. The 
InGaArP/InP can be used to make the micro 
ring resonators [26]. Where, soliton pulse with 
centre wavelength of 1.5um, pulse width of 50 
ns and power of 8 W is input into the proposed 
system as shown in Figure 3(a). The radii of the 
microrings have been chosen as, R1=28um, 
R2=50um, R3 =28um, R4 =30um, R5=28 and 
R6=10um. Selected parameters of the system 
are fixed into, nO = 3.14 (InGaAsP/InP), and 
wave guided loss of 0.2 dB/mm is noted. The 
coupler intensity loss is 0.1 (dB/mm) and the 
nonlinear refractive index is n,=2.2x 


2 
10° rE The soliton pulse is coupled into the 


system where thecoupling coefficient varies 
from 0.2 to 0.9 (dB/mm). When a soliton pulse 
enters into the system, turbulent and amplified 
illuminators can be generated, round 20,000 
times inside the simulation system. The 
illuminated soliton pulse is fragmented and 
amplified to smaller symbols as shown in 
Figures 3(b), 3(d) and 3(f). The disturbed 
addition filter is done by filtering/dropping as 
shown in Figures 3(c) and 3(e). The output 
results of the system are simulated using 
MATLAB programming. Figures 3(g) and 3(h) 
show the production of a slow light pulse, which 
has a pulse width of 1.05 ns and a velocity speed 
of 3mW for the drop port, and a 120ps pulse 
width and a 100mw velocity speed for through. 


CONCLUSION 


The results show that the drop signal 
obtained is slower than the original input signal, 
which can be called slow light. For first drop 
signal FWHM=120 ps, second drop signal 
FWHM=220ps and for last drop signal 
FWHM=1.05 ns, so rate of FWHM increased. The 
final pulse has detected 96.4s. Therefore 
AT=46.4 ns (delay time). Huge group delays can 
be achieved for example by optical Waveguides. 
With resonators in ring structures which are 
built up by “In Ga As P/In P” structures it is 
possible to get extremely small optical buffers 
with dimensions of only Tg=46.4ns. 
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